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D . We study pseudo-Goldstone boson corrections to 77 tt production rates 



in technicolor models with and without topcolor at the ^/s = 0.5 and 1.5 TeV 
photon colliders. We find that, for reasonable ranges of the parameters, the 
corrections are large enough to be observable, and the corrections in models 
with topcolor are considerably larger than those in models without topcolor, 
and they are all significantly larger than the corresponding corrections in the 
minimal supersymmetric standard model (MSSM) with tan/3 > 1. So that 
the two kinds of technicolor models and the MSSM with tan /3 > 1 can be 
experimentally distinguished. 
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I. Introduction 



The electroweak symmetry breaking (EWSB) meclianism remains an open question in 
spite of the success of the standard model (SM) compared with the new LEP precision 
measurement data. In the SM, elementary Higgs field is assumed to be in charge of the 
EWSB. So far the Higgs boson is not found, and theories with elementary scalar fields suffers 
from the problems of triviality, unnaturalness, etc. Therefore studying EWSB mechanisms 
other than the simple SM Higgs sector is one of the interesting topics in current particle 
theory. Technicolor (TC) theory |l| is an attractive idea of dynamical EWSB which avoids the 
shortcomings arising from elementary scalar fields, and it has been enlarged to the extended 
technicolor (ETC) theory for giving masses not only to the weak gauge bosons but also to 
quarks and leptons. A series of improved ideas, such as walking technicolor (WTC) theory 
[Q, multiscale walking technicolor theory and topcolor-assisted technicolor (TOPCTC) 
theory [§, have been proposed to overcome the phenomenological difficulties in the ETC 
theory, and these make the theory one of the important candidates of promising mechanisms 
for EWSB. It is thus interesting to study the effects of this kind of theory in various physical 
processes and see if they can be experimentally tested. It is important to notice that in most 
of the currently interesting improved TC models, the TC sectors are non-minimal, i.e. they 
all contain certain pseudo Goldstone bosons (PGB's) in the few hundred GeV region. This 
can be seen as the characteristic features of this kind of models. Thus studying the effects 
of the PGB's in processes at high energy colliders will be of special interest. 

The recently discovered top quark is the heaviest particle yet experimentally found. Its 
mass, mt = 176 GeV 0, is of the order of the EWSB scale v = (v^Gi.)-^/^ ^ 246 GeV. 
This means that the top quark couples rather strongly to the EWSB sector so that the effects 
from new physics would be more apparent in processes with the top quark than with any 
other light quarks. Experimentally, it is possible to separately measure various production 



and decay form factors of the top quark at the level of a few percent [||. Thus theoretical 
calculations of various corrections to the production and decay of the top quarks are of much 
interest. 

Top quark pair can be produced at various high energy colliders. Of special interest is 
to examine the ability of the suggested future TeV energy photon colliders in probing the 
EWSB mechanism via ti production. This paper is devoted to this kind of study. There have 
been various studies of probing the EWSB mechanism via top quark pair productions at high 
energy colliders. For example, model- independent studies 0, studies of the top quark pair 
production cross sections in photon collisions in the SM, the two-Higgs- doublet model, and 



the minimal supersymmetric SM (MSSM) ||T0[ [|rT| [|T^, and the study of PGB contributions 



to the tt production cross sections at the Fermilab Tevatron [O and the CERN LHC in 



a topcolor-assisted multiscale technicolor model (TOPCMTC) [|T^ ||T5[, etc. The results in 



Ref. |]T5[ show that PGB's do give significant contributions to the tt production cross section 
from which the color-octet neutral technipion and the neutral top-pion with mass close to 
350 GeV can be clearly tested at the LHC and the Tevatron for reasonable range of the 
parameters in the TOPCMTC model. In this paper we study the PGB contributions to the 
77 — > tt cross section at the ^/s = 0.5 and 1.5 TeV photon colliders in various technicolor 
models. We shall show that, for reasonable values of the paremeters in the models, the PGB 
contributions are quite large in models assisted by topcolor, and are considerably smaller in 
models without topcolor. All these cross sections are significantly larger than those in the 



MSSM for tan/3 > 1 |T^. So that different models can be distinguished by the 77 — > ti 
cross section measurement at the high energy photon colliders. At the ^/s = 1.5 TeV photon 
collider, even the original TOPCTC model and the TOPCMTC model can be experimentally 
ditinguished. 

This paper is organized as follows. In Sec. II, we take the Appelquist-Terning one-family 



WTC model ||^ as a typical example of the reasonable TC models without assisted by 
topcolor, and present the results of the PGB contributions to the 77 ti cross section at 
the y/s = 0.5 and 1.5 TeV photon colliders in this model. Sec. Ill contains the corresponding 
results of two typical TOPCTC models, namely the original TOPCTC model by Hill [B] 



and the TOPCMTC model |I^ ||15[. Discussions and conclusions are given in Sec. IV, and 
the analytic formulae for the form factors in the production amplitudes in terms of the well 



known standard notions of one- loop Feynman integrals [16| are presented in the APPENDIX. 



II. tt production cross section in the one family WTC model 

In this section, we take the Appelquist-Terning one-familty WTC model [|] as a typical 
example of reasonable TC models without assisted by topcolor to calculate the 77 — > tt 
cross section. In this model, the technilepton sector does not respect the custodial symmetry 
SU{2)c which makes the the oblique correction parameter S Jl^ small as required by the 



experiment. The TC group in this model is taken to be SU{2)tc which minimizes the 5* 
paremeter. There are 36 TC PGB's composed of weak SU{2)w doublets of techniquarks 
Q and technileptons L. The relevant PGB's in this study are the color-octet 11° [SU{2)w- 
singlet] and 11" [5'f/(2)iy-triplet] composed of the techniquarks Q [| (the color-singlet PGB's 
in this model are mainly composed of technileptons L, so that they are irrelevant to the ti 
production). The decay constants of these PGB's is Fq = 140 GeV The masses of 
these PGB's are model dependent [Q. In Ref. [Q, the mass of 11" is taken to be in the range 
250 GeV < < 500 GeV . We shall also take the mass of 11° in the same range in our 
calculation. 



tThese PGB's are the ones denoted by 9° and 9^ in Ref. [§. 



The relevant Feynman diagrams for the corrections to the 77 tt production am- 
phtudes in the Appelquist-Terning model are shown in Fig.l(a)-(n). The Feynman rules 
needed in the calculations can be found in Ref. |]T8[. For instance, the PGB-top (bottom) 
interactions are 

^(^t75ytn° + ^t^,^mi + i=t(l - 75)y&n+ + i=6(l + 75)ytn-). (1) 

In our calculation, we use dimensional regularization to regulate all the ultraviolet di- 
vergences in the virtual loop corrections and we adopt the on-mass-shell renormalization 
scheme. In that scheme, we need not consider the external top quark self energy diagrams. 
The renormalized amplitude for 77 — tt contains 

Mren = + M^"] + AM^^^ , (2) 

where the superscripts t, u stand for the t, w-channel amplitudes, respectively. AM^^^ is 
the triangle correction of Fig.l (n). Our notations for the momenta are: p2 and pi denote 
the momenta of the outgoing t and i ; ps and p^ denote the momenta of the two incoming 
photons; s = (^1+^2)^ = (Pa+P^)^ , i = (p4 -P2)^ and u = (pi -^4)^ • In eq.(l), M^^ 
is contributed by Fig.l(a)-(m), and M^'^l is related to M^(*^„ by 

Mir) =M£(p3-P4,t-u). (3) 
The amplitude M^^ contains 

m£ = M^'^ + AM(*) , (4) 

where 

^di] = -^ r * 2 ^^(P4)e''(p3)w(P2)7At(7 ■ Ps - 1 ■ Pi + mthuv{pi)6ij (5) 
t — nil 

is the tree-level t-channel amplitude, and AM*^*) is the PGB correction to the t-channel 
amplitude which contains 



AM(*) = AM^^'^W + AM^W + AM^'W , (6) 

in which AM^'^'^W, AM^W , AM''W are the amphtudes contributed by the PGB's in the 
self-energy diagrams [Figs.l(b)-(c)], the vertex diagrams [Figs. l(d)-(i)], the box diagrams 
[Figs.l(j)-(m)], respectively. They are 

+ f9P2,J,Plu + fl2^4l,,lu + flzhPlvlt, + /r6J^4P2/.7i^]^(Pl)'^ii , (8) 

AM^(*) = ^e2e'^(p4)e'^(P3)w(l^2)[/iV + /2V7. + flpi.l, 

+/1p1/.7!^ + /5V2!.7m + fQP2^Jilv + frPlf^Pliy + fsPlf^P2u 
+ flP2t,Plv + floP2,,P2i^ + fllhdl^u + i\2^Alpnv 
^ilzf^vlp. + flj>APlt,lu + /i5|^4P2i.7m + fl%hP2tilu 

+fl7APlt^Plu + flshPl^iP2v + fl9AP2i,Plu + f20^4P2iJ,P2u]v{pi)Sij , (9) 

and 

MifJ = ^e2e(p4) ■ e(P3)^(P2)/^t;(pi)5., , (10) 

The explicit formulae for the form factors /'s are given in the APPENDIX. 

The total cross section a{s) of the production of ti in 77 collisions is obtained by 
folding the the elementary cross section a{s) for the subprocess 77 — > ti with the photon 



luminosity at the e^e colliders given in Ref. |]T9|, i.e 

dL 



a{s) = I dz'^—^a{s) (77 ^ at s = z'^s) , (11) 

where A/i(-\/S) is the 6+6^(77) center-of -mass energy and dL^^/dz is the photon 
luminosity defined as 



-f^ = 2z / —F^/e{x)F^/e{zyx) . (12) 

For unpolarized initial electrons and laser beams, the energy spectrum of the back-scattered 
photon is given by |19 



with 



C(f) = (l-|-|)l.>(l + f) + i + |-^(^. (14) 

where ^ = 4EeUJo/fnl in which rrie and i?e stand , respectively, for the incident electron 
mass and energy, ujq stands for the laser-photon energy, x = uj/Ef. stands for the fraction 
of energy of the incident electron carried by the back-scattered photon. F^/e{x) vanishes 
for X > Xmax = ^max/Ee = ^/(l + • ordcr to avoid the creation of e~^e~ pairs by the 
interaction of the incident and backscattered photons, we require ujo^max < ^l/Ee which 
implies ^ < 2 + 2-\/2 4.8 . For the choice ^ = 4.8 , we obtain 

W~0.83, D(0~1.8. (15) 

In the calculation of cr(s), instead of calculating the square of the amplitude M^en 
analytically, we calculate the amplitudes numerically by using the method of Ref . . This 
greatly simplifies our calculations. Care must be taken in the calculation of the form factors 



expressed in terms of the standard loop integrals defined in Ref. ||T6||. As has been discussed 



in Ref. , the formulae for the form factors given in terms of the tensor loop integrals will 
be ill- defined when the scattering is forwards or backwards wherein the Gram determinants 
of some matrices vanish and thus their inverse do not exist. This problem can be solved by 
taking kinematic cuts on the rapidity y and the transverse momentum . In this paper, 
we take 



|y|<2.5, pt > 20 GeV. (16) 



The cuts will also increase the relative correction 22 . 



In our calculation, we take rrit = 176 GeV, rrib = 4.9 GeV, and we take aem{'n^'z) = 128.8 
with the one-loop running formula to determine the electromagnetic fine structure constant 
ttem at the desired scale. The result of the tree- level cross sections are ctq = 57.77 fb for 
^/s = 0.5 TeV and ctq = 535.4 fb for ^/s = 1.5 TeV. To see the main feature of the TC PGB 
corrections to the cross section, we simply take mno = = Tnjj± = mn^ to calculate the 
correction Aa. The values of Act, the ratio Aa/ao, and the total cross section a = ao + Ao" for 
250 GeV < mjia < 500 GeV are listed in Table I. We see that for ^/s = 0.5 TeV, the relative 
correction Aa /(Jq is of the order of ten percent which is about one order of magnitude larger 
than that in the MSSM with tan/3 > 1 (which is about one percent) |0. For ^/s = 1.5 TeV, 
the relative corrections are around (4 — 10)% which is also larger than that in the MSSM 
with tan /3 > 1. 

For estimating the event rates, let us take an integrated luminosity of 

J Cdt = 50 fb"\ for = 0.5 TeV , 
J Cdt = 100 fb"\ for = 1.5 TeV , (17) 

which corresponds to a one year run at the NLC [^]. There will be about 2500 events for 
\/s = 0.5 TeV and 25000 events for a/s = 1.5 TeV according to the cross sections shown in 
Table I. The statistical uncertainty at 95% C.L. is then around 4% for ^/s = 0.5 TeV and 
1.2% for a/s = 1.5 TeV. Therefore this model can be experimentally distinguished from the 
MSSM model with tan j3 > 1 in '-yy ^ ti at the future photon collider^ 



"''We only give here an order of magnitude estimate considering only the statistical uncertainty. 
Practically, the systematic error and the detection efficiency should also be taken into account which 
are beyond the scope of this paper. 



III. tt Production cross sections in TOPCTC Models 



1. The Original TOPCTC Model 

For TOPCTC models, we first consider the original TOPCTC model proposed by Hill ||^. 
In this model, there are 60 TC PGB's in the TC sector with the decay constant /n = 120 GeV 
and three top-pions 11° , 11^ in the topcolor sector with the decay constant fut = 50 GeV 
H. The top quark mass rrit is mainly provided by the topcolor sector, while the TC sector 



only provide a small portion of it, say ~ 5 — 24 GeV P ||2^. The mass of the top-pion 
depends on a parameter in the model [^]. For reasonable values of the parameter, rriut is 
around 200 GeV ||^. The prediction of the light top-pion is the characteristic feature of the 
TOPCTC models and this is the main difference between this kind of models and TC models 
without topcolor. In the following calculation, we would rather take a slightly larger range, 
180 GeV < < 300 GeV, to see its effect, and we shall take the masses of the color- 
singlet TC PGB's to vary in the range 100 — 325 GeV. 

The color-octet TC PGB-top (bottom) interactions are similar to eq.(l) but with mt 
replaced by m'^ and fg replaced by /n, i.e. 

^(^t75ytn° + th^^ml + i=t(l - 75)y + -^6(1 + i,)^m-) . (18) 



The color-singlet TC PGB-top (bottom) interactions are JTS 



^*'"*-(it75m° + tt-f5tu^ + ^t(i - 75)6n+ + ^6(1 + 75)tn-) , (19) 



where q = —j=. The interactions between the top-pions and the top (bottom) quark are [|1^ 



15 



^^^i=^(zt75tn° + i=t(i - 75)&n+ + i=6(i + 75)tn-) . (20) 



The color-singlet TC PGB's and the top-pions can also couple to the two photons via 



triangle fermion loops. It has been shown in Ref. p5[ that, at the relevant energy, the 
technifermion triangle loops can be approximately evaluated from the formulae for the Adler- 
Bell-Jackiw anomaly p6[ with which the general form of the effective 11 — B1-B2 interaction 



(n denotes the PGB's 11°, 11^, Bi and B2 are gauge fields) is p5 



^1 



(21) 



where the factors SubiB2 for various cases are given in Refs. and ||2^. Note that the 
electromagnetic interaction violates SU{2)w symmetry, so that the 11^ — 7 — 7 and the 



n° — 7 — 7 couplings do exist For example, from Ref. [^], the S'no^^ and Sjjs 



77 



factors from the techniquark triangle loop are 



Su_o. 



77 



-4e2 
3^6 



TC 



(22) 
(23) 



For the top quark triangle loop, the simple ABJ anomaly approach is not sufficient since the 
top quark mass is only 176 GeV. Here we explicitly calculate the top quark triangle loop and 
obtain the following 11° — 7 — 7 interaction 



QlN,e\mt-m'^) 
167r2y2/n, 



(4miCo)n°e,,,Ap(9M^)(9M'') 



(24) 



where Co(p4, — P4 — Ps, rrit, rrit, rrit) is the standard 3-point Feynman integral ||T6[|. 



From the above couplings, we see that there are additional important s- channel diagrams 
contributing to the ti production shown in Fig.l(o)- (p). The top-pion s-channel contribution 
is quite large compared with those from Fig.l(a)-(n) due to their strong coupling. This makes 



^From (19) we know that the 11° — t — t coupling is proportional to mj, so that the top qurak 
triangle loop contribution to the 11° — 7 — 7 interaction is negligibly small. 



the contributions in this model quite different from those in the Appelquist- Terning model 
presented in the last section. 

Now we calculate the s-channel amplitude M^ll^ in Fig.l(o)-(p). First of all, The 
n (n° or n^) propagator in Fig.l(o)-(p) takes the form 



s — mfi + ^mnFn 



(25) 



where is the cm. energy and Fn is the total width of the PGB 11 which is important 
when \/§ is close to (since mut ~ 200 GeV which is well below the ti threshold, there is 



no need to include the width Fn^ in the top-pion propagator). Similar to Ref. ||T5 
obtain the widths Fno and Fns which are 



we can 



Fn = F(n gagb) + T{U ^ bb) + T{U tt) , if mn > 2mt 



(26) 



where 



F(nO ^ gaQb) 

T{U' gagb) 
F(n ^ bb) 

F(n ^ tt) 



1 + 



J{Rno) 



167r2 

^-^|J(i?n3)| 



TC 



3 cfm^rriYi 



16n 



A 



Ami 



m 



2 ' 



3 c^rn^iriYi 



IGtt 



A 



Ami 



m 



2 ' 



if mn > 2mf 



(27) 
(28) 

(29) 
(30) 



where [^] 



in which i?n = — — • 

mt 

With eqs.(18)-(31), we finally get 



(31) 



AMlf = ze^e^(p4)6^(p3)^(P2)[/^.75]^(Pi)5. 



(32) 



where the form factor /^^ is given in the APPENDIX. 

Let us first look at the contributions by different TC PGB's to the amphtude M^l'^'^\ 
From eq.(18) we see that, relative to the results in the last section, the color-octet TC PGB 
contributions to M^^*;^'^) from Fig.l(a)-(n) is suppressed by a factor { ^f/f^ )^ in this model. 
For m[ ~ 20 GeV, this factor is about 2% so that the color-octet TC PGB contributions 
are negligibly small in this model. From eqs.(19) and (18) we see that the color-singlet 
TC PGB contributions from Fig.l(a)-(n) is even smaller. For m[ = 20 GeV, the top- pion 
contributions to M^l'^^ are not so small. The calculated results of Act and Aa/aQ from the 
contribution of M^!'^^'> by the top-pions are listed in Table II. We see that these are slightly 
larger than those in Table I. 

Numerical calculations show that the 11° and 11^ contributions to the amplitude M^lli 
from Fig.l(o)-(p) are also negligiblly small, while the contribution from the top-pion 11° to 
M^^^^i is quite large. Including this contribution, the final results of Aa and the total cross 
section a = ctq + Act are listed in Table III. We see that these values of Ao" are considerably 
larger than those listed in Table I. Taking the integrated luminosity in eq.(17), we have 
around 1000 events for ^/s = 0.5 TeV and around 40000 events for -^i = 1.5 TeV. The 
corresponding statistical uncertainties at the 95% C.L. are then 6% and 1%, respectively. 
Thus this model is experimentally distinguishable from the Appelquist- Terning model and the 
MSSM with tan /5 > 1 2n 77 ^ tt. 



2. The TOPCMTC Model [Q |T5| 

This model is different from the original TOPCTC model mainly by the change of the 
TC sector in which /n = 40 GeV instead of the original /n = 120 GeV, and [|n| 



10e_2 



3^0^^ = ^Ntc, (34) 



5'n377 = —Ntc ■ (35) 



Thus, relative to the results in the last section, the suppression factor { ^l/J^ )^ of the color- 
octet TC PGB contribution is now 0.16 for m[ = 20 GeV, so that its contribution to Mj:^^^'^^ 
is still negligible (the relative correction is about —0.2% to 2% for y/s = 0.5 TeV and 
—0.1% to 1% for y/s = 1.5 TeV). The calculated results of the total Aa and a = ao + Aa 
containing the contributions of top-pion from Fig.l(a)-(p) to both M^(*;,"'^) and M^^l and 
of n°, from Fig.l(o)-(p) to M^W for mn ~ 100 - 325 GeV are hsted in Table IV. For 
■s/s = 0.5 TeV, we see that the values of Act is slightly larger than those in Table III but not 
much. Thus the results of this model are close to those in the original TOPCTC model at 
■y/s = 0.5 TeV. For ^/s = 1.5 TeV, the values of Aa in Table IV are much larger than those 
in Table III, especially with large m[. To understand the reasons for such a difference, let us 
notice that the main difference between these two topcolor assisted TC models comes from 
the contributions of the PGB's 11° and 11^ in the TC sector. There are three factors in eq.(ll) 
affecting this issue: (a) in cr(s), 11° and 11^ contributions are important at large ^/I = rati 
(cf. Fig. 2); (b) the available range of \/^ is determined by min {VS} = 2mt = 352 GeV and 
max{\^} = Xmax\fs = 0.83^5 (cf. eq.(15)), so that max{\/§} is s-dependent; (c) the 77 
luminosity decreases rapidly in the vicinity of the max {y/S} cf. eq.(12)) |2§ which gives 
rise to a suppression of the large y/I contributions to cr(s). From (b) we see that the available 
\/I in the case of ^/s = 0.5 TeV is in a narrow range of 352 — 415 GeV which is near the ti 
threshold, so that the contributions of 11° and 11^ are less important than that of the top-pion 
(cf. (a)) and the additional 77 luminosity suppression effect (c) plays a significant role in 
this narrow range. In the case of = 1.5 TeV, the available \/§ spreads in a much wider 
range of 352 — 1245 GeV which increases the importance of the 11° and 11^ contributions (cf. 
(a)) and the 77 luminosity suppression effect (c) is less significant in this wide range. 



Next we look at the total cross section (t{s). Take the case of mut — 180 GeV and 
mn = 100 GeV as an example. The relative difference between the cross sections in the two 
tables for = 5 GeV is about 6%, and for m[ = 20 GeV is about 15% for y/s = 0.5 TeV 
and 17% for ^/s = 1.5 TeV. These are not so significant as the differences between the values 
of Act. To see the observabihty of the difference, we look at the statistical uncertainties. 
Taking the integrated luminosity in eq.(17), we have 750 — 2000 events for ^/s = 0.5 TeV 
and 30000 — 40000 events for ^/s — 1.5 TeV according to the values of a given in Table 
IV. The statisical uncertainties at the 95% C.L. are thus (4 — 7)% for = 0.5 TeV and 
around 1% for y/s — 1.5 TeV. Prom this statistics, we first conclude that this model can be 
clearly distinguished from the Appelquist- Terning model and the MSSM with tan {3 > 1 in 
the 77 — > tt experiments. Then we consider the relative differnce of a between these two 
topcolor assisted models, we see that the 6% differnce in the case of = 5 GeV can be 
easily observed at the =1.5 TeV collider, but is hard to be observed at the = 0.5 TeV 
coUider. In the case of = 20 GeV, the 15% and 17% differences at = 0.5 TeV and 
1.5 TeV can all be experimentally observed. Thus even the difference between the original 
TOPCTC model and the TOPCMTC model can be clearly observed in the 77 — > tt experiment 
at the ^/s — 1.5 TeV photon collider. 



IV. Discussions and Conclusions 



In this paper, we have studied the possibility of testing different currently interesting 
improved technicolor models in the 77 — > tt experiments at the ^/s — 0.5 TeV and ^/s — 
1.5 TeV photon colliders via the effects of their typical PGB's in the sense of the statistical 
uncertainty. In this calculation, we have neglected the corrections from direct TC dynamics. 
Now we give an order of magnitude esatimate of the TC dynamics effect based on the results 



in Ref. |2^. In Ref. p9|], the authors considered the generation of the top quark mass via 
ETC with a minimal TC model containing only one-doublet of technifermions. In such a 
simple model, there is no PGB. The ETC dynamics was described by an effective four- 
fermion interaction between the technifermion and the top quark, and the coupling strength 
was determined by requiring that rrit is completely given by this interaction. This four- 
fermion interaction provides a scalar TC-hadron (with mass around 2 TeV) contribution to 



the 77 ti cross section as a typical correction from the TC dynamics Such a TC- 
hadron correction only contributes in the case that the two photons are completely polarized 
in the same polarization |2^. So they considered only this completely polarized case in which 
the tree-level SM cross section (from t-channel top quark exchange) is suppressed at high 
energies |TT]. In addition, they imposed a polar angle cut cos6'c = 0.5 to further enhance 
the relative correction from the TC-hadron contribution. Their result is that the relative 
correction increases rapidly with the center-of-mass energy V^: the relative correction at 
= 0.5 TeV is negligibly small, while those at = 1 and 1.5 TeV are around —8% 
and —43%, respectively [^]. What we have considered in this paper are the cross sections 
with unpolarized photons, and our polar angle cut is given in eq.(16) which corresponds to 
cos 6'c = 0.99 . We can estimate the corresponding TC-hadron relative correction in our 
case as follows. We know that averaging over the photon polarizations will reduce the TC- 
hadron contribution since it contributes only to a special polarization. On the other hand, 
the change of the polar angle cut from cos 6'c = 0.5 to cos^c = 0.99 will increase the 
TC-hadron contribution. As a rough order of magnitude estimate, we simply expect that 



unpolarized 



cos 6^=0.99 



polarized 



cos6»=0.5 
unpolarized 

J cos 6»c=0.99 



. Then 



Aa(s] 



TC 



F ^5 



\polarized 
I cos 9c=0.5 



r /"\ lunpolarized 
Jcosec=0.5 Fl'^JoJcos6»c=0.99 



(36) 



On the R.H.S. of eq.(36), the first factor is given in Ref. [^, and the second fac 



tor can be calculated from the explicit formulae given in Ref. |TT| which lead to 



[Mm:ie.=oJ [MS)ntoZ' = 0.42, 0.099, 0.039 for VS= 0.5, 1.0, and 1.5 TeV, re- 
spectively. From this we see that the present relative correction Aaf^(s) / cr(s)o is 
also negliblely small at \/I = 0.5 TeV, and those at = 1.0 and 1.5 TeV are —0.8% and 
— 1.7%, respectively. Taking the convolution (11) with the photon luminosity will not affect 
the order of magnitude. So that the TC-hadron relative correction is of the same order of 
magnitude as the MSSM corrections and is significantly smaller than the PGB corrections 
shown in the last two sections. Thus we see that the correction from the direct TC dynamics 
is at least not important in the present study^ and the conclusions in the last two sections 
are not affected by it. Our conclusions hold in most of the currently interesting improved 
TC model which contain certain PGB's. TC model without PGB does not belong to this 
category. 

In summary, our calculation shows that 

(i) corrections to the ti production cross sections in reasonable technicolor models without 
assited by topcolor are large enough to be observed, and are larger than those in the MSSM 
with tan/3 > 1, so that these two kinds of models are experimentally distinguishable; 

(ii) corrections to the tt production cross sections in topcolor assited technicolor models are 
much larger than those in models without topcolor, and this kind of model can be clearly 
distinguished from models without topcolor and MSSM with tan/3 > 1 in the 77 —>■ ti 
experiments. 

(iii) it is even possible to distinguish the TOPCMTC model from the original TOPCTC 
model in the 77 — > ti experiment at the ^/s = 1.5 TeV photon collider, while these two 
models can be distinguished at the y/s = 0.5 TeV photon collider only if the parameter m'^ 
is as large as 20 GeV. 



**In the topcolor-assisted TC models the ETC only gives rise to a small portion m[ of the top 
quark mass (m^ <^ nit). So that the TC-hadron correction is even much smaller in such models. 



We see that light neutral PGB contributions play an important role in the 77 — > tt 
production rates. The direct detection of light neutral technipions at e+e~ colliders has been 
studied in Refs. and the signals are not so strong; the detection at hadron colliders 



has been studied in Ref. [14| and the detection is more promising. The detection of the 



neutral top-pion has been discussed in Ref. P] which shows that it imitates some effects of 



states in two-scale TC models. In Ref. [|T5[, it is shown that a neutral top-pion peak can be 
seen in the ti production at the LHC only if its mass is close to 350 GeV. Our result in this 
paper provides an addtional test of the light neutral top-pion and technipion effects through 
the process 77 — > ti at the LC. 

We thus conclude that the 77 tt experiments at the future photon colliders are really 
interesting in probing the electroweak symmetry breaking mechanism. 
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APPENDIX: 

We present here the explicit formulae for the form factors appearing in eqs.(7)-(10) and 
(32)|[][]. The renormalization constants are 

^^Here we have corrected some typographical mistakes in the form factors given in a previous paper 



0- 



= mfc,mfc) |p2=„2 + 2m^ — (-YfcEo + 5i)(p,mfc,mfe)|p2=„2 , (Al) 
Sm'' = rrit [Yfc^o - Bi] (p, m'^, rrik) \p2=^2 . (A2) 



ff'^'^^"^ = , 5,,, E g.{2p2.P4[m,(-y,i?o + Z') (A3) 

A;=no,no,n3,n+ n+ 

fc=no,no,n3,n+,n+ 

jself{b)(c) ^ \js^elf{b){c) ^^^^^ 



where i?o, m'^, m^) are 2-point Feynman integrals [T^, the superscripts (6), (c) indicate 
the labels in Fig.l . 

^.me) ^ Ql_ y: QM-2p2Mmt{Co + Cn) + m',Y,Co)], (A6) 

fc=no,no,n3,n+,n+ 

j^vme) ^ Qi_ ^ g/ ^^[1 _ 4^^^ _ ^ ^2(2Co + 4Cn + 2C21) (A7) 

^ fc=no,no,n3,n+,n+ 
+2ml2Co + 4m,m',n(Co + Cn)], 

^.(.)(e) ^ ^ g, ^^^1 _ 2c<^^ 2p,MCi2 + C23) (A8) 

* fc=no,no,n3,n+,n+ 

m?(Co - C21) + m'^^Co + 2mimlnCo] , 

fvme)^QL_ y: QUfc[-2m,(Cn + C2i)-2m;nCn], (A9) 

* fc=no,no,n3,n+ n+ 

where Co,Cim{—P2,P4:,™k,^'kJ^'k) 3-point Feynman integrals. 

= ^9l_ Y qk[-^C2A - 2Z^ + 4p2.P4(Ci2 + C23) (AlO) 

-4m?(Cn + C2i)], 

/if^ = ^^ E g.[-2C24-^1, (All) 

pi>(/) _ Qf 

t — m? 



f<f) = ^^L_ Y: g.[2m,(Cn + C2i)], (A12) 



* k=n+,n+ 



where CQ,Cim{—p2,P4,'>Tib,'>Tik,mk) are 3-point Feynman integrals. 



v{g)(h) _ Q 



vig)ih) 



12 



Mam 

J 13 



. _ z E Qfe?fe[-2mtP2-P4(Co + Cii) -2mfeP2-P4>feC'o], 

fe=n?,no,n3,n+ n+ 



v{g){h) _ Qt 



^ fe=no,no,n3,n+ n+ 



E Ql.g44p2.P4(Cl2 + C23)], 



v{g)(h) ^ Qt 



^ g',gfe[l - 4C24 - 2Z^ + 4p2.P4(Ci2 + C23) 



fe=no,no,n3,n+n+ 



+m1{2CQ - 2C21) + 2m'^Co + 4mtm'fcyfcCo], 



i — rrit 



Y: Q'M-4^rnt{Cn + C2i)], 



fc=no,no,n3,n+n+ 



v{9m _ ^ Mgm 
2/6 

2/9 



(A13) 
(A14) 
(A15) 

(A16) 

(A17) 
(A18) 



where Cq, Cim{pi, —ps, nik, m'f,, m').) are 3-pomt Feynman integrals. 



Mi) _ 

J3 — 



Qt 



* fe=n+ n+ 



E ?fe[-4p2.P4(Ci2 + C23)], 



v{i) 



7 12 

nvii) 

J 13 



Qt 



^ ^* fe=n+ n+ 



Qt 



^ fe=n+ n+ 

1 Mi) 
2^6 , 

2/9 > 



53 gfc[4mi(Cn + C2i)], 



(A19) 

(A20) 

(A21) 

(A22) 
(A23) 



where Cq, Cimipi, — Pa, mb, ruk, ruk) are 3-point Feynman integrals. 



hmk) 



fl 



fbmk) 
J2 



^ Q'^qk[^mt{D27 + Dsn) + Am'^YuD27l 

fc=no,no,n3,n+,n+ 

E QkQki-fntDsi + 2mt{p2-PiDu + P2-P3-D35 - Ps-PaDsiq 



fc=no,no,n|,n+,n+ 



-3Z^3ii) - QmtD27 - ml{3D2i + 3Dn + Do) + 2mtP2MD2i + 2^24 
-D25 + Dii + D12 - -D13) + 2mtP2-P3-D25 - 2mtPs-PiD2Q 
+mtm'^{Do + Dn) + ^'^^[(m'^ - m^t)Do - ml{2Dn + ^21) 



(A24) 
(A25) 



+2p2.p4{Du + Di2 - Di3 + D24) + 2P2.P3D25 - 2P3.P4D26 - 4L>27]], 

^^'^ = E Qk<lk[2m',D,2 - 2m'^D,2 - 2mlD,, 

fc=no,n»,ri2,n+,ri+ 

+2m'^Di3 + 4:171^023 + AmlD2A - 4mlD25 - 4mlD2% + 4^27 
-4mlD33 + 2mlD3i - 27x1^03^, + AmlD^'j + AmlD^^ - AmlD^i^ 

+8D312 - I2D313 + P2.P4(-4L'22 - 8D23 + 4^25 + 8^26 + 4^33 - 4^36 
-4D37 + 4^38 - SD^g + 8D310) + PiM-^D23 + 4^26 + 4L'33 + 4^38 " Si^ag) 
+P1.P2(4L>23 - 4L'26 - 4L>33 + 4L>37 + 4L'39 - 4L>3io)], (A26) 

fbum ^ ^ Q'^qk[-2mlD^3 - 2m'^D,3 + AmlD33 + 2mlD3^ 

fc=n?,no,n-2,n+n+ 

-4mlD37 + 8D313 + P2.P4(4L'23 - 4^25 " 4^33 + 4D37 + 4D39 - 4D310) 

+Pi.p4(-4i:>33 + 4L»39) + Pi.p2(4L>33 - 4L>37) - 4.mtm'kYkDi3], (A27) 

/?^'^^'^ = E Q'^qk[-2m',Dn + 2m'^D,, 

fc=no,no,n3,n+ n+ 

+2mlDj^2 - 2m'^Di2 - 4mlD2i + AmlD2i + AmlD25 
-AmlD2& - 2mlD3i + 2mj^D34 + 4mlD3^ - Am^^Dsj 
+4m?L>39 - 4mj^L>3io - 8L'3ii + 8L>3i2 

+P2.P4(-4L'22 + 4^24 - 4^25 + 4^26 + 4L>34 - 4L>35 - 4L>36 

+4D37 + 4^38 - 4D39) +P1.P4(-4D25 + 4^26 + 4^37 + 4^38 - 4^39 - 4D310) 
+Pl-P2(+4L>25 - 4L>26 + 4L>35 " 4L>37 + 4L>39 " 4L>31o)], (A28) 

jbum ^ ^ Q'^qk[2mlD^ + 2m'lD^ + AmlD^^ 

fc=no,no,n.2,n+n+ 

-AmlDi3 + 2mlD2i - AmlD2^ + 4D3n - 4D313 

+Pi.p4(4L'25 - 4L'26) + 4mtm',n(L'o + i^ii - ^13)], (A29) 

/,^(^)« = Q'hk[^mt{D2^ + L'310) + 4m',nL'26)], (A30) 

fc=no,no,n3,n+,n+ 

jKjm ^ ^ QUk[^mt{-D2^ + D2^ - D35 + i?3io) + 4m',n(L>26 - i?25)], (A31) 

fc=no,no,n3,n+,n+ 



fbUXk) ^ ^ QUSmt{-Di2 - 2L>24 + - £'34 + i^sio) (A32) 

fc=no,no,n3,n+ n+ 

+Am'kYk{D26 - D24 - Du)]: 

fb(j){k) ^ ^ Q'^q„[4mt{Dii - Du + 2D21 - 2^24 - D25 + D26 + D31 

fc=no,no,n3,n+,n+ 

-Ds4 - + Dsio) + 4m;n(Ai - + ^21 - i^24 - D25 + Ae)], (A33) 

fi?^'^ = E QkQk[-^D2r - 4^312 + 4D313], (A34) 

fc=no,no,n3,n+,n+ 

fbmk) ^ ^ QUk[ml{D^ - Ds,) + 2[p2.P4(^310 - ^36) +P2.P3(^37 - D^io) (A35) 

fc=no,no,n3,n+ n+ 

+P3.P4(^38 - ^39) + 4^312 - 41^313 + 21^27] + ^^(2^24 " 21^25 " ^2l) 
+2[p2-P4(-D25 + 2-D26 - -D22 - -D23) +P2-P3-D25 " P3-P4-D26] 

+m^t{Do + D12 - Di-i) + m'^{Do - + £'13) + 2mtm'^nL'o], 

/2^)(^)= Yl Q'M-2mt{Du + D24) - 2m',Y,D^,], (A36) 

fc=no,no,n3,n+,n+ 

^ Q'^q^[2mtiD,, + D2,) + 2m',Y,D,s], (A37) 
fe=no,no,n3,n+,n+ 

_^60){fe) ^ ^ Q',2^,[2mi(L'n - i?i2 + D2, - D24) + 2m',n(L'n - £'12)], (A38) 

fe=no,no,n3,n+,n+ 

fbUm ^ ^ Q'2^,[2mt(-L'n + i^i3 - ^21 + ^25) + 2m',n(L>i3 - i^ii)], (A39) 

fe=no,no,n3,n+n+ 

/W)=4 ^ g',25,[L>23-i^26-^38 + ^39], (A40) 

fc=n?,no,n3,n+n+ 

yW)^4 ^ g'2^^[£,25_£,26-^37-^38 + ^39 + ^310], (A41) 

fc=no,no,n3,n+n+ 

jmik) ^4 ^ g/2^^ [^^^ ^ _ _ ^ _ ^ _ ^ (A42) 



fc=no,no,n3,n+n+ 



AT^^^ =4 5^ Q'^qk [D22 - D24 + D2, - ^26 

fc=no,no,n3,n+n+ 

-L>34 + Ds5 + Dse - £'37 - £>38 + i^39] , (A43) 



where Dq, Am, Amn(-P2,P4,P3, "^fe, m'^, m'^, m'^) are 4-point Feynman integrals. 

/?'^= E gfe[-4m*L>3ii], (A44) 

fc=n+n+ 

/2^'^ = 0, (A45) 



Ml 



Ml 



fr 

Ml 
Jl 



/9 



Ml 
Jio 



Ml 
Ju 



Ml 

J 12 

Ml 
Jl7 



J 18 



7 19 — 



4 J2 Qk[D27 + D312], 



Ml) 

J 20 



k=U+,U+ 



4 Qk[D3i3], 



fc=n+ n+ 



= 4 <lk[-D3n + Dsi2], 

k=u+,n+ 

= 4 Y 9fc[-^27-^311 + ^313], 

fc=n+,n+ 

= -4mt J2 9fcp25 + ^sio], 
fc=n+ n+ 

= 4mt J2 9fcp35-^3io], 
fe=n+ n+ 

= 4mt Y Qk[Dii + D2i + D24-D25 + Du-D3io), 
k=u+,u+ 

= 4mt Y (lk[-D2i+ D24 - D31 + D34 + D35 - D310] , 
k=u+,u+ 

= Y ?fe [4^312 -4D313], 

fc=n+,n+ 

_ Ml) _ Ml) _ Ml) _ Ml) _ p, 

— J13 — Ju — J 15 — 7 16 — 

= 4 E [-^23 + ^26 + ^38 - ^39] , 

fe=n+ n+ 

= 4 ^ [D37 + D38 - D39 - ^310] , 



k=n+,u+ 



A Y 9k [-D12 + Di3 - D22 - D23 - D24 + £'25 
fe=n+,n+ 

+2L>26 - Dse + Dss - L>39 + L>3io], 



4 ^ gfe [-D22 + D24 - D25 + D2e 

k=U+,U+ 

+D34 - D35 - D36 + D37 + Dss - £'39) , 



(A46) 

(A47) 

(A48) 

(A49) 

(A50) 

(A51) 

(A52) 

(A53) 

(A54) 

(A55) 
(A56) 

(A57) 



(A58) 



(A59) 



where Do, Dim, Amn(-P2,P4,P3, rub, ruk, ruk, ruk) are 4-point Feynman integrals 



A'^"^) = AmtQb E qk[-D27 - D311 + L>3i3], 
fc=n+n+ 

fl^-^ = 0, 

/3^"^ = Qb qk[-2mlDu + 2mlD,2 + 2mlD^3) 

fc=n+,n+ 



(A60) 
(A61) 



-2mlDi3 - AmlD24 + 4mj 



25 



-2mlD^^ - 8D312 + 8D313 

+P2.1>4(4L>22 - ^D2& + ^D^& - 4L)3io) 
+P1.P2(4£>23 - 4L>26 + 4L>37 " 4D310) 

+P1.P4(-4L'23 + 4L'26 + 4^38 - 4^39)], (A62) 

ft^=Q, 54-4^313], (A63) 

fe=n+n+ 

fe=n+n+ 

+2m^Di2 + 4:m^tD2i - AmlD2i 

+2mlD^^ - 2mlDM + '^mlD^-j - 2mlD^^ + 8D311 - 8D312 

+P2.P4(4L'22 - 4^24 - 4^)34 + 4^)36) 
+P1.P2(4-D25 - 4L>26 + 4L>35 " 4D310) 





+P1.P4(-4L'25 + 4L'26 + 4^38 - 4L'31o)], 




(A64) 


Mm) 
/6 


^-AQb E Qk[D27 + Dsn], 
fc=n+ n+ 




(A65) 


jHpi) 


^AnitQb E gfc[--D23 + -D26 + -D33 - -D37 - -D39 
fe=n+ n+ 


+ ^310], 


(A66) 


fb{m) 

Js 


= AmtQb E (lk[-D2b + -D26 - -D35 + -D37 - -D39 
fe=n+ n+ 


+ ^310], 


(A67) 


Mm) 
J9 


= AmtQb <lk [D12 - + D23 + 2D24 

fe=n+,n+ 

-2L>25 - ^26 + ^34 - ^35 + ^37 " ^31o] , 




(A68) 


nb{m) 
JlO 


= 4mtQb E Qki-Du + D12 - 2D21 + 2/^24 
fe=n+n+ 

+£'25 - ^26 - ^31 + ^34 + ^35 " ^31o] , 




(A69) 


nb(m) 
J 11 


= 4Q5 E ?fep27 + i^312], 

fe=n+ n+ 




(A70) 


nb{m) 
J12 


= Qb E ?A:[-2L'27], 

fc=n+,n+ 




(A71) 


nb{m) 
Il3 


= 2mtQb E 5fe[^12 - ^13 + ^23 + ^24 - i^25 " 

fe=n+n+ 


-D26], 


(A72) 



fb{m) 

Ju 


= 0, 


(A73) 


rb{m) 
Jib 


^2mtQb J2 (lk[-Dn + - D21 + + ^^25 - 

k=I\f 


(A74) 


pb(m) 
/l6 


= 0, 


(A75) 


pb{rn) 

In 


= ^Qb E Ik [^23 - ^26 - ^38 + ^39] , 

fe=n+ n+ 


(A76) 


nb{m) 
Jl8 


= ^Qb E [^25 - - Dss + Dsio] , 

fe=n+,n+ 


(A77) 


nb{m) 
J19 


= ^Qb E (lk[-D22 + D2G - Dse + Dsio] , 

fc=n+ n+ 


(A78) 


rb{m) 
J20 


= 4^6 E %[-^22 + ^24 + ^34-^^36], 

fe=n+ n+ 


(A79) 



where Dq, Di^, Amn(-P2,P4, -Pi,mk, mb,mb,mk) are 4-point Feynman integrals . 

f^^ E Qk[^rntCn{-p2,P4+P3:mb,mk,mk)]. (A80) 



fc=n+,n+ 



= E . ■!? r m^QUkmCoip,, -P4 - P3, m„ m„ m,) - , (A81) 



In the above: 



Fno = Ino = Fna = -1, Y^, = Y^,^0 
m'jfo = mno = m'^is = mt, m'jj+ = m'^+ = 

Qno = Quo = Qn| = Qt> Qu+ ^ ^ 
3, 3, 



Qt 



(A82) 



In WTC model: 



2m^ 4 

to? = to+ = ' 



(A83) 
(A84) 
(A85) 
(A86) 



In TOPCTC model: 



quo = gn3 = qn+ = ^^^^^ , (A87) 
2m'^ 4 

quo = gns = ?n+ = I^^^a ' ^^^S) 

.no-.n-4^, (A89) 

_ 1 _ Ae^Nrc ^ _ AfNrc ^ ....^ 

— , ono^^ — , »->n377 — — ^^/g — , »->n077 — u . [R.'di)) 

In TOPCMTC model, the g^s are the same as in (B) and 

- , «^n077 - — , «^n377 - — ^^^^ , Ono^7 - U . (Ayij 
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Table I. TC PGB corrections to the 77 — > tt cross section Act, the relative correction 
Acr/(Jo, and the total cross section a = ao + Act for various values of mn^ in the Appelquist- 
Terning model (ctq = 57.77 fb for ^ = 0.5 TeV, (Jq = 535.4 fb for = 1.5 TeV). 



mn" (GeV) 


v/s = 0.5 TeV 


= 1.5 TeV 


Aa (fb) 


Aa/ao{%) 


<7(fb) 


Aa (fb) 


Aa/ao{%) 


<7(fb) 


250 


-9.11 


-15.8 


48.66 


-50.77 


-9.5 


484.6 


275 


-8.22 


-14.2 


49.55 


-43.81 


-8.2 


491.6 


300 


-7.47 


-12.9 


50.30 


-37.76 


-7.1 


497.6 


325 


-6.83 


-11.8 


50.94 


-33.82 


-6.3 


501.6 


350 


-6.28 


-10.9 


51.49 


-30.56 


-5.7 


504.8 


375 


-5.80 


-10.0 


51.97 


-28.62 


-5.3 


506.8 


400 


-5.38 


-9.3 


52.39 


-26.71 


-5.0 


508.7 


425 


-5.02 


-8.7 


52.75 


-25.16 


-4.7 


510.2 


450 


-4.69 


-8.1 


53.08 


-23.76 


-4.4 


511.6 


475 


-4.40 


-7.6 


53.37 


-22.50 


-4.2 


512.9 


500 


-4.13 


-7.1 


53.64 


-21.62 


-4.0 


513.8 



Table II. Top-pion contributions from Fig.l(a)-(n) to the 77 — > tt production cross 
section Act, the relative correction Aa/ao and the total production cross section a = ao + Aa 
in the original TOPCTC model (^s = 0.5 TeV). 



mn, (GeV) 


Aa (fb) 


Aa/ao{%) 


a(fb) 


180 


-13.04 


-22.6 


44.73 


185 


-9.81 


-17.0 


47.96 


190 


-8.05 


-13.9 


49.72 


195 


-7.27 


-12.6 


50.05 


200 


-7.22 


-12.5 


50.55 


210 


-7.86 


-13.6 


49.91 


215 


-7.83 


-13.6 


49.94 


225 


-7.57 


-13.1 


50.20 


250 


-6.73 


-11.6 


51.04 


275 


-5.97 


-10.3 


51.80 


300 


-5.35 


-9.3 


52.42 



Table III. Total TC PGB and top-pion contributions from Fig.l(a)-(p) to the 77 — > tt 

production cross section Act and the total production cross section a = ao + Aa in the orig- 
inal TOPCTC model (Ntc = 4, (Jq = 57.77 fb for = 0.5 TeV, (Jq = 535.4 fb for = 1.5 
TeV,). 







= C 


.5 TeV 






v^= 1 


.5 TcY 




mut (GeV) 


m; = 5 GeV 


m't = 20 GeV 


= 5 GeV 


m[ = 20 GeV 




Aa (fb) 


a (fb) 


Aa (fb) 


a (fb) 


Aa (fb) 


a (fb) 


Aa (fb) 


a (fb) 


180 


-41.96 


15.81 


-38.53 


19.24 


-179.5 


355.9 


-154.7 


380.7 


200 


-37.70 


20.07 


-35.13 


22.64 


-145.3 


390.1 


-125.3 


410.1 


225 


-40.53 


17.24 


-38.04 


19.73 


-123.9 


411.5 


-108.2 


427.2 


250 


-41.27 


16.50 


-39.68 


18.09 


-113.8 


421.6 


-99.3 


436.1 


275 


-40.34 


17.43 


-40.87 


16.90 


-107.0 


428.4 


-96.1 


439.3 


300 


-33.37 


22.40 


-38.97 


18.80 


-101.9 


433.5 


-94.2 


441.2 



Table IV. Total TC PGB and top-pion contributions from Fig.l(a)-(p) to the 77 tt 

production cross section Act and the total production cross section a = ao + Aa in the 
TOPCMTC model (Ntc = 4, (Jq = 57.77 fb for ^ = 0.5 TeV, ctq = 535.4 fb for = 1.5 
TeV). 











" = 0.5 TeV 










m; = 5 GeV 


m't = 20 GeV 




mut = 1 


80 GeV 


mnt = 250 GeV 


mut = 1 


80 GeV 


mu, = 250 GeV 




Act (fb) 


<7(fb) 


Act (fb) 


<7(fb) 


Aa (fb) 


<7(fb) 


Aa (fb) 


<7(fb) 


100 


-42.88 


14.89 


-41.35 


16.42 


-42.92 


14.85 


-41.30 


16.47 


150 


-42.95 


14.82 


-41.33 


16.44 


-43.03 


14.74 


-41.12 


16.65 


200 


-43.06 


14.71 


-41.29 


16.48 


-43.06 


14.71 


-40.63 


17.14 


250 


-43.23 


14.54 


-41.17 


16.60 


-42.54 


15.23 


-39.07 


18.70 


300 


-43.43 


14.34 


-40.51 


17.26 


-38.11 


19.66 


-32.19 


25.58 


325 


-43.24 


14.53 


-39.30 


18.47 


-26.16 


31.61 


-17.22 


40.55 


= 1.5 TeV 


mno,n3 


m; = 5 GeV 


m; = 20 GeV 




mrii = 1 


80 GeV 


mn, = 250 GeV 


mut = 1 


80 GcV 


mn, = 250 GeV 




Aa (fb) 


a{fh) 


Aa (fb) 


a(fb) 


Aa (fb) 


<7(fb) 


Aa (fb) 


<7(fb) 


100 


-201.2 


334.2 


-136.9 


398.5 


-218.3 


317.1 


-166.7 


368.7 


150 


-201.8 


333.6 


-137.7 


397.7 


-218.3 


317.1 


-166.1 


369.3 


200 


-203.4 


332.0 


-138.2 


397.2 


-219.3 


316.1 


-166.9 


368.5 


250 


-204.3 


331.1 


-139.0 


396.4 


-220.0 


315.4 


-167.2 


368.2 


300 


-206.7 


328.7 


-140.8 


394.6 


-219.9 


315.5 


-166.0 


369.4 


325 


-207.1 


328.3 


-141.3 


394.1 


-212.7 


322.7 


-157.8 


377.6 




(P) 



Fig.l 



Fig. 1 Feynman diagrams for PGB contributions to the ^ tt process, (a): tree level 
diagrams; (b)-(c): self-energy diagams; (d)-(i): vertex diagams; (j)-(m): box diagams; (n): 

triangle diagram; (o)-(p): s-channel diagrams. 



Fig. 2 Subprocess cross sections a{s) in the tree level SM, the original TOPCTC model 
and the TOPCMTC model with mn, = 180 GeV, mno,n3 = 100 GeV and m[ = 20 GeV. 



